The purpose of this study was to investigate the impact of the modified Glasgow Prognostic Score (GPS) at the time of recurrence on post-recurrence survival (PRS) in non-small cell lung cancer (NSCLC) patients after surgical resection.
Background
Lung cancer is the leading cause of cancer-related death worldwide [1, 2] , and non-small cell lung cancer (NSCLC) represents approximately 80% of all lung cancer cases. Although surgery offers the greatest curative potential for patients with stage I/II disease and selected patients with stage III disease [3] , the recurrence rate after surgical treatment of NSCLC varies (30~75%); the prognosis remains elusive, and survival characteristics of patients who have recurrent NSCLC after surgical resection are not well-understood [4, 5] . Therefore, identifying predictors of post-recurrence survival (PRS) is crucial for the evaluation of mortality risk at recurrence. The prognostic factors in patients with recurrent lung cancer have been investigated in several studies [6] [7] [8] . Decreased disease-free interval (DFI) from initial resection to recurrence, symptoms at recurrence, liver recurrence, initial lung cancer stage of IIB or worse, and multiple recurrences have been reported as significant predictors of shorter survival 5,9-11].
A few studies have investigated the relationship between systemic inflammatory response and progression many types of common solid tumors, including lung cancer [12] [13] [14] [15] . Accumulating evidence suggests that the Glasgow prognostic score (GPS) system, based on inflammation criteria and including only serum C-reactive protein (CRP) and albumin, is a reliable and practical scoring system for predicting outcome in lung cancer [16] . Recently, Shafique et al. showed that modified GPS (mGPS), which is superior to GPS, is a powerful prognostic factor, independent of tumor site, in cancer patients [17] . They also demonstrated that GPS predicts overall survival in lung cancer patients, but the patients enrolled in their study included only those with inoperable disease [16, [18] [19] [20] . To the best of our knowledge, the prognostic significance of mGPS at the time of NSCLC recurrence has never been investigated. Because CRP and serum may be a highly practical method for predicting survival in patients with recurrent NSCLC. Therefore, we hypothesized that mGPS is a predictor of poor prognosis in patients with recurrent NSCLC, which may be due to more aggressive tumor biology. To test this hypothesis, the clinical data, including CRP and serum albumin either before surgery or at disease recurrence, of 266 NSCLC patients were collected and analyzed, and the prognostic significance of mGPS in patients with recurrent NSCLC was evaluated.
Material and Methods

Patients
Using electronic medical records, 1311 patients who underwent surgical resection for primary NSCLC at Yantai Yuhuangding Hospital from January 2006 through January 2010 were identified. Eligibility criteria for this study were: (1) histologically proven primary NSCLC; (2) postoperative recurrence occurred before Nov 2014; (3) recurrent NSCLC was diagnosed at our institution (recurrence was defined as the presence of disease after a more than 3 months DFI after resection); (4) received systemic chemotherapy for recurrence in our hospital; and (5) records of blood tests were complete. Exclusion criteria were: (1) evidence of acute or chronic infection identified within 14 days before crucial blood tests; (2) presented with other types of carcinoma within 5 years; (3) received neoadjuvant chemotherapy or radiotherapy prior to surgery; and (4) had active infection prior to surgery. Of the 311 patients who were considered for inclusion in this retrospective study, 45 patients were excluded and 266 were included. The study protocol was approved by the Ethics Committees of the Yantai Yuhuangding Hospital, and all participants provided written informed consent.
Definition of mGPS
The mGPS was calculated with CRP and albumin values as follows: patients with elevated CRP levels (>1.0 mg/dl) and hypoalbuminemia (<3.5 g/dl) were allocated a score of 2; patients with elevated CRP levels (>1.0 mg/dl) only were allocated a score of 1; and patients with normal CRP levels (£1.0 mg/dl) and any albumin concentration were allocated a score of 0 [17] (Supplementary Table 1 ).
Evaluated variables and process of treatment
Blood samples were obtained at 2 time points for CRP and serum albumin, and mGPS was calculated on the basis of obtained results. Data, including age at surgery, sex, preoperative smoking status, histological type, pathological stage, adjuvant treatment, surgical procedures, DFI, recurrent site, number of recurrent foci, and PRS, were collected and evaluated.
Histological typing was based on the WHO classification, and tumor staging was determined according to the TNM classification of the International System for Staging Lung Cancer [21] . All patients had been preoperatively staged based on findings of contrast CT, FDG-PET, and magnetic resonance imaging (MRI) of the brain. As a general rule in surgical procedures, lobectomy or pneumonectomy with systematic or selective mediastinal lymph node dissection is performed. Neoadjuvant chemotherapy is not routinely administrated in patients. All patients with stage II-III disease received adjuvant platinum-based chemotherapy and/or postoperative radiotherapy (PORT).
Recurrent NSCLC was diagnosed based on the results of a physical examination and diagnostic imaging. Histopathology of the diagnosis was confirmed only when clinically required.
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Follow-up information was collected directly from the outpatient clinic records or from family contacts. Data regarding the date of recurrence diagnosis, site and number of recurrent tumors, treatment of recurrence, date of death or last visit, and cause of death were recorded. The DFI referred to the period from the date of surgical treatment until the date of recurrence diagnosis.
All patients in our cohort underwent systemic chemotherapy for recurrence, so the possible confounding effect of treatment after recurrence could be partly avoided. Among all 266 participants, some patients also received local therapy, endothelial growth factor receptor tyrosine kinase inhibitors (EGFR-TKIs), or a vascular endothelial growth factor inhibitor. PRS was defined as the time between the detection of recurrence and the date of death or the last follow-up.
Ethics statement
The study was approved by the Research Ethics Committee of Yantai Yuhuangding Hospital. Informed consent was obtained either from the patients or from the patient's family before participating in the study.
Statistical analysis
Continuous data such as age and DFI were described using mean±SD or median and range. Frequency counts and proportions were calculated for categorical data such as sex and stage data, and chi-square tests or the Fisher exact tests were used to compare between groups. Spearman rank correlation coefficient was calculated to assess the relationship between the patients' mGPS at 2 time points. Median PRS was determined by the Kaplan-Meier method and compared among different groups using the log-rank test. Furthermore, we performed Cox proportional hazards regression analysis with stepwise variable selection to identify significant independent prognostic factors for PRS. Hazard ratios (HR) and 95% confidence intervals (CI) were generated. All P values were two-sided, and P<0.05 was considered statistically significant. Statistical analyses were performed using IBM SPSS version 20.
Results
Patient characteristics and treatment
The clinicopathological characteristics of the 266 patients included in the study are shown in We observed 236 recurrences (88.7%) within 3 years of the primary surgery. The median DFI was 15.5 months. The recurrence was intrathoracic in 68 (25.6%) patients, extrathoracic in 138 (51.9%), and a combination of intrathoracic and extrathoracic in 60 (22.6%). Eighty-eight (33.1%) patients developed recurrences in multiple organs.
All of the 266 patients received systemic salvage chemotherapy after recurrence. There were 222 patients who received at least 4 cycles of cisplatin-based doublet chemotherapy as mono-therapy after recurrence. The regimens mainly included TP, DP, GP, NP, and pemetrexed plus cisplatin (pemetrexed 500 mg/m 2 on day 1 and cisplatin 75 mg/m 2 on day 1, for nonsquamous carcinoma). Further, 38 cases received local therapy before salvage chemotherapy (thoracic radiation for recurrent lesions in 23 patients, stereotactic radiosurgery for brain metastases in 14 patients, and re-resection in 1 patient), 43 patients also received EGFR-TKIs (gefitinib, erlotinib, or icotinib) for at least 1 month, and 5 patients were treated with a vascular endothelial growth factor inhibitor (bevacizumab) in combination with chemotherapy.
Patient characteristics
As shown in Table 1 , of a total of 266 patients, 90 (33.8%) showed an elevated CRP level (>1.0 g/dl) and 27 (10.2%) had hypoalbuminemia (<3.5 g/dl) before surgery; 106 (39.8%) showed an elevated CRP level (>1.0 g/dl) and 31 (11.3%) had hypoalbuminemia (<3.5 g/dl) at recurrence. A total of 162 (60.9%) patients were allocated an mGPS of 0, 88 (33.1%) were allocated an mGPS of 1, and 16 (6.0%) were allocated an mGPS of 2 at the time of recurrence. The association between baseline characteristics and mGPS at recurrence is also shown in Table 1 .
In a comparison among the 3 groups, there were no significant differences observed in age (c²=0. The median post-recurrence follow-up for the entire cohort was 17 months (range, 1 to 90), and the 1-and 2-year PRS rates were 58.4% and 32.6%, respectively. The median PRS time after recurrence was 13 months (range, 1 to 81).
Univariate analysis
To investigate the prognostic significance of the mGPS in patients with recurrent NSCLC, we performed univariate analyses. A statistically significant difference in PRS was observed between patients with different mGPS at recurrence ( Figure 1A) ; the median PRS times for those with mGPS 0, 1, and 2 was 19, 14, and 4 months, respectively (log-rank test; P=0.005). No statistically significant difference in PRS was observed among the patients with different mGPS before surgery (log-rank test; P=0.064) ( Figure 1B ).
PRS was also analyzed with respect to other clinical factors (age, sex, and preoperative smoking status), pathological factors (histological type and pathological stage), adjuvant treatment, factors related to recurrence (DFI, site, and type of recurrence), and biochemical characteristics (CRP and albumin). 
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In our study population, age at surgery, histological type, CRP, albumin, and mGPS at recurrence were significantly correlated with prognosis (Table 2) .
Multivariate analysis
Factors influencing either the survival status or the mGPS at recurrence (age, preoperative smoking status, histological type, pathological stage, DFI) were estimated with the Cox proportional hazards regression model (backward stepwise procedure) to adjust for the effects of covariates. As preoperative mGPS was correlated with mGPS at recurrence, it was not analyzed in the model. After adjusting for confounding variables in the model, mGPS at recurrence (HR 1.47; 95% CI, 1.15-1.88; P=0.002), age (HR 1.59; 95% CI 1.17-2.14; P=0.003) as well as DFI (HR 1.40; 95% CI 1.05-1.88; P=0.023) remained independent predictors of PRS (Table 3) .
Discussion
Relational studies of chronic inflammation and cancer have been carried out extensively. Chronic inflammation may be in association with the development of cancer, showing enhancing cell proliferation and then inducing DNA damage [22, 23] . Balkwill et al. assumed that many cancers occurred originally in sites of chronic inflammation [24] , and Coussens et al. indicated that inflammation contributed to cancer progression [25] . On the contrary, some other studies showed that the growth of cancer resulted in tissue damage, which disrupted the microenvironment and then incited the related inflammation [26] .
From the similarities of HR across different tumors, countries, and clinical scenarios in the present review, GPS/mGPS appears to be a reliable independent prognostic factor in cancer patients. It also has been shown that mGPS is a reliable predictor for poor survival in patients with operable colorectal, gastro-esophageal, and pancreatic cancers [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] . Only 2 studies were in patients with inoperable lung cancer, and it was reported the GPS/mGPS possessed prognostic value independent of tumor stage, treatment, and other measures of the systemic inflammatory response. Over these 2 studies, the weighted average HR for an incremental increase in the GPS/mGPS was 2.0 [20] .
Consistent with the previous reports, our study shows that an elevated mGPS is associated with survival and HR when the increase in the mGPS was 1.47. Our novel finding is that mGPS at the time of recurrence diagnosis was an independent 3786 predictor of PRS in NSCLC patients, even after adjusting for possible confounders. Besides mGPS at recurrence, older age and shorter DFI of the primary cancer were also indicators of short survival in patients with recurrent NSCLC, which coincides with the previous study [38] .
Moreover, we found that, in our study population, the prognostic significance of mGPS in advanced-stage NSCLC was stronger than in the early stage, thus we may draw the conclusion that mGPS at recurrence could be a better predictor of PRS compared with the preoperative value. The possible explanation is that mGPS at recurrence could reflect the biological activity of the tumor at the time of recurrence diagnosis more accurately, while the predictive significance of preoperative mGPS was strongly affected by many confounders such as surgical procedure, whether adjuvant chemotherapy was used, and which regimen.
As the main approach for recurrent NSCLC in current clinical practice, chemotherapy is routinely administered to unresectable advanced NSCLC based on the recommended regimen. Hitherto, few studies have evaluated the prognostic factors and treatments especially for recurrent NSCLC after curative resection. Our study proposes one possible prognostic factor that had been paid little attention in previous studies. The results of our research indicate that increased mGPS at recurrence is associated with a higher risk of unfavorable prognosis in NSCLC. In other words, despite current intensive salvage treatment for recurrent disease, most patients with an mGPS of 2 at recurrence would derive no clinical benefit (their median PRS was 8 months), indicating that current conventional salvage treatments are not effective in this patient population. On the other hand, although tests of CRP and serum albumin are normally used in clinical practice, it is surprising that few studies have examined the role of mGPS profiles as prognostic markers in resectable NSCLC. Studies were limited to pretreatment values only and typically did not include mGPS during the whole course of disease for recurrent NSCLC. Our findings provide the potential to identify a high-risk patient group by performing simple tests that are almost universally available and add no additional cost to routine laboratory measurements, and could be beneficial for the development of a novel treatment strategy for this type of aggressive recurrent tumor.
Supplementary
As for methodology, this retrospective cohort study was appropriately designed. The cases were categorized in accordance with uniform inclusion criteria, exclusion criteria, and strict screening, thereby strengthening the evidence provided by the present study. Additionally, we chose patients who underwent systemic platinum-based chemotherapy for recurrence as our study population to minimize the possibility that the outcomes could have been affected by the varies therapies administered after recurrence. However, the influence of mGPS in the subgroup of recurrent NSCLC patients who underwent targeted therapy or palliative care as the only therapy was not evaluated in this study. Therefore, to further elucidate the etiology of elevated mGPS in recurrent NSCLC and to establish treatment strategies, large-scale, multicenter, prospective studies are needed.
Conclusions
In summary, this study has demonstrated for the first time that mGPS at recurrence has strong negative predictive value in PRS for NSCLC patients after surgical resection. Preoperative mGPS, however, cannot predict PRS, indicating that the prognosis of recurrent NSCLC could be much better predicted by mGPS at recurrence. We can conclude that mGPS at the time of recurrence should be included in the assessment of PRS and be used to identify high-risk patients in recurrent NSCLC.
